We investigate the violation of Leggett-Garg (LG) inequalities in quantum dots with the stationarity assumption. By comparing two types of LG inequalities, we find a better one which is easier to be tested in experiment. In addition, we show that the fine-structure splitting, background noise and temperature of quantum dots all influence the violation of LG inequalities.
Once the assumption of stationarity is introduced, in the case of t 2 − t 1 = t 3 − t 2 = t , the inequalities become [9] K + = K(2t) + 2K(t) ≥ −1,
These inequalities set the boundary of the temporal correlations and are amenable to an experimental testing by a two-shot experiment.
In this paper, we compare the two types of LG inequalities and discuss the violation of LG inequalities with the influence of the fine-structure splitting, background noise and temperature in a quantum dot system. Semiconductor quantum dots, often referred to as "artificial atoms", have well defined discrete energy levels [11] due to their three-dimensional confinement of electrons. The atomlike properties of the single semiconductor quantum dot, together with its ease of integration into more complicated device structures, have made it an attractive and widely-studied system for applications in quantum information [12] . One of their potentially useful properties is the emission of polarization entangled photon pairs by the radiative decay of the biexciton state [13] [14] [15] [16] .
The energy level of a quantum dot is shown in Figure 1 , we care about the two exciton states |2 and |1 in a quantum dot. We define Q(t) = 1 when the quantum dot state is
(|2 + |1 ) and Q(t) = −1 when the quantum dot state is
(|2 − |1 ). The quantum dot is initially excited to the biexciton state by a short-pulsed laser and then evolves in a thermal bath. After emitting a biexciton photon, the proposed single quantum dot system will be in an entangled photon-exciton state. For an ideal quantum dot with degenerate intermediate exciton states |2 and |1 , it is a maximum entangled state |ψ = (|H + |V ), the state of the quantum dot system will be
With the help of measurement, we can prepare the initial state of the quantum dot system. After a period of time of evolution, the quantum dot system will emit the second exciton photon. Then, if the state of the second photon is detected to be
(|H − |V ), it indicates the quantum dot system ends up in
(|2 − |1 ). In this case, because of the relationship between photon and the quantum dot system, we can detect the photon state to evaluate the LG inequalities. With these photon states, we can evaluate the LG inequalities.
Taking the acoustic phonon-assisted transition process into account, the density matrix of this four-level system can be described with the master equation [17] 
is the Lindblad term denotes the dissipation term [18] . When projected onto the subspace spanned by the four basis
we can get the corresponding two-photon polarization density matrixρ pol . With the presence of the background noise and the overlap of the photon pairs frequency distributions, the total density matrix of the photon pairs is divided into three parts [18] 
whereρ noc arises from the fine-structure splitting induced distinguishability between the two decay paths, representing the nonoverlap of the photon frequency distributions. The third termρ noise , which describes the background noise, is set as an identity matrix. At last, the total density matrix of the photon pairs can be expressed as followsρ (|H − |V ). At the time t = 0, we detect the first photon under the bases |+ and postselect the result of |+ to prepare the initial state of the quantum dot system. After a period of time t, we detect the second photon under the bases |+ and |− . We define the joint probability P ++ when the state of the second photon is |+ and the probability P +− when the state of the second photon is |− . We detect the photon pairs with delays τ in the range t ≤ τ ≤ (t+ω), by employing a single timing gate [19] , where t is the start time of the gate. At last, we can evaluate the autocorrelation by the expression
The autocorrelation will be measured two times by two independent experiments which begin with a primary system in an identical initial state and evolves under identical conditions. In the first experiment, the measurement of the autocorrelation is made at the time t and the second measurement is made at the time 2t by another experiment and the joint probability can be calculated through the total density matrix of the photon pairs, then the final autocorrelation can be expressed as follows
Therefore, we can evaluate the LG inequalities through the expression K + = K(2t) + 2K(t), and
Our result is shown in Fig. 2 . We can see that the curve of the LG oscillates with time, what's more, the amplitude of the curve decays when the time increases. By comparing the two types of LG inequalities, we find that the K − reaches the classical limit −1 first. As we know, when the time delay of the photon pairs increase, the biphoton coincidence decreases. Therefore, K − is easier to be tested in the experiment and we discuss K − for the following results.
Then we analysis the relationship between the LG inequality and the fine-structure splitting. The result is presented in Fig. 3 . In this case, the background noise g = 0.3 , the gate width ω = 50 ps and the temperature T = 5 K. When the fine-structure splitting is small, the LG inequality is violated easily. However, with the increase of the fine-structure splitting, the violation of LG inequality becomes increasingly weak. It can be seen that K − do not violate the classical limit −1 when the finestructure splitting becomes large enough. This implies that when the fine-structure splitting becomes large, the evolution process can be described by classical realistic theory. Further more, the influence of background noise and temperature are investigated. As shown in Fig. 4 and Fig. 5 , when the background noise and temperature decrease, the curve of the LG inequality goes below the classical limit −1 easily. The transition from quantum process to classical process is also been seen clearly.
At last, it should be noticed that there is an approximation in our model. We use the state of photon emitted to determine the state of quantum dot, this is true when the fine structure splitting is zero. In real situation, we need the fine structure splitting to be nonzero in order to introduce the evolution, the partial distinguishability of spectrums between |H and |V will introduce errors. However, it can be easily verified that the errors only make the LG inequality more difficult to be violated, i.e., the requirement is not loosen in our model. In summary, we have investigated the violation of the LG inequalities in quantum dot system. When the finestructure splitting of the quantum dot system, background noise and the temperature become small, we achieve the maximal violation. Better results may be obtained, when we change the method by which we get the initial state. Finally, we can see clearly from the results that the LG inequalities can be used as a criterion to identify the boundary of the classical realistic description.
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